Abstract: A large proportion of patients with multiple sclerosis (MS) have spasticity, which has a marked impact on their quality of life. Anecdotal evidence suggests a beneficial effect of cannabis on spasticity as well as pain. Recently, randomized, double-blind, placebocontrolled studies have confirmed the clinical efficacy of cannabinoids for the treatment of spasticity in patients with MS. Based on these data, nabiximols (Sativex), a 1:1 mix of ∆-9-tetrahydrocannabinol and cannabidiol extracted from cloned Cannabis sativa chemovars, received approval for treating MS-related spasticity in various countries around the globe. In this article we review the current understanding of cannabinoid biology and the value of cannabinoids as a symptomatic treatment option addressing spasticity in patients with MS.
Introduction
Based on individual case reports, the consumption of plant parts, specifically, the resin of the Cannabis sativa hemp plant, has, for years, been attributed to the capacity to reduce the symptoms of multiple sclerosis (MS), such as spasticity, neuropathic pain, tremor, and disturbed bladder function. As characterization of the endocannabinoid system and its role in the motor system and pain processing continue to advance, there is increasing evidence of a scientific basis for the postulated therapeutic effect of cannabis derivatives. The most important active components of C. sativa were identified as the cannabinoids ∆-9-tetrahydrocannabinol (THC) and cannabidiol (CBD), the effects of which are mediated through cannabinoid receptors of the endocannabinoid system. Along with synthetic cannabinoids and oral phytocannabinoids, the drug nabiximols (Sativex, Almirall, Barcelona, Spain), a plant extract from C. sativa, was developed as a pharmaceutical product to make medicinal use of the effects of cannabinoids (Table 1) . Nabiximols contains THC and CBD in defined quantities and is administered as an oromucosal spray. Nabiximols received approval in many countries around the globe for treatment of spasticity in MS when conventional antispastic therapy is not adequately effective (Table 2) .
Methods
We performed an extensive MEDLINE search covering publications on 'cannabinoids', 'cannabidiol', '∆-9-tetrahydrocannabinol', and 'spasticity' combined with 'multiple sclerosis' during the period from 1980 to April 2012. Randomized, controlled studies were considered to have the highest level of evidence, followed by one or more well documented clinical studies, such as casecontrolled or cohort studies, and the lowest level of evidence was assigned to nonrandomized historical controls, case reports, or expert opinions. Levels of evidence were defined according to the standards of the European Federation of Neurology [Brainin et al. 2004 ].
The endocannabinoid system
The effect of exogenous cannabinoids is mediated primarily by cannabinoid receptors in the endocannabinoid system. The receptors in this system, which are characterized by seven transmembrane domains, belong to the family of G-proteincoupled receptors. Currently, the existence of two classes of cannabinoid receptors has been verified [Console-Bram et al. 2012] : the CB 1 receptors, which are expressed primarily in the central nervous system; and the CB 2 receptors that primarily occur in immune cells [Cabral et al. 2008] . CB 1 receptors are primarily found in the frontal cortex, in the basal ganglia, the cerebellum, hypothalamus, and hippocampus as well as in the nucleus accumbens and the ventral tegmental area, that is, the regions of the brain that play a key role in the motor system, in the reward system, and in learning processes. In addition, CB 1 receptors have been identified in peripheral and central pain pathways, specifically in the terminals of primary afferent nociceptive neurons and in the spinal cord [Fernandez-Ruiz et al. 2010] .
CB 1 receptors in the central nervous system, which are expressed primarily in the presynaptic membrane of the neurons, utilize a negative feedback mechanism to regulate transmitter release at GABAergic, glutamatergic, and dopaminergic synapses. Two arachidonic acid derivatives, arachidonylethanolamide (anandamide) and 2-arachidonylglycerol, have been identified as the most important endocannabinoids, that is, endogenous ligands at cannabinoid receptors. Cellular activity of the postsynaptic neuron promotes continuous synthesis and release of the endocannabinoid from phospholipids of the cell membrane, which then bind to the CB 1 receptors in the presynaptic membrane. Stimulation of the CB 1 receptors, which are coupled to inhibitory G proteins, blocks the activity of the presynaptic neurons through activation of A-type potassium channels and potassium inward rectifiers and through the inhibition of voltage-dependent calcium channels and adenylate cyclase. Reduced transmitter release in the presynaptic terminals and reduced cellular excitability are the outcomes [Wegener and Koch, 2009] . The endocannabinoid effect is regulated through the transport of endocannabinoids into the cell via specific transporters and subsequent degradation through the membrane-bound enzyme fatty acid hydrolase [Petrosino and Di Marzo, 2010] .
Various cells of the immune system CB 2 receptors are endowed with CB 2 receptors. These predominantly are B lymphocytes, natural killer cells, and monocytes. However, CB 2 receptors can also be detected in the central nervous system, where among others microglia are predominant cellular sources [Basu and Dittel, 2011] . Immunosuppressive mechanisms, such as the induction of apoptosis, the inhibition of cell proliferation and cytokine synthesis, are mediated and regulatory T lymphocytes are induced mainly through inhibition of adenylate cyclase and the consecutive reduction of intracellular cAMP concentrations [Rieder et al. 2010] . Cannabinoids for the treatment of spasticity associated with multiple sclerosis Studies in animal models and in patients suggest that changes occur in the endocannabinoid system in MS. For instance, in experimental autoimmune encephalomyelitis (EAE), a lowered CB 1 receptor density was noted in the basal ganglia and in the cerebellum, that is, regions of the brain that play a key role in the motor system. Interestingly, in the EAE model, an antispastic effect was observed following administration of nonselective CB 1 /CB 2 receptor agonists in wild-type mice with EAE, whereas the effect was no longer detected in CB 1 receptor-deficient mice. Therefore, it may be concluded that the antispastic effect of cannabinoids in the mouse model of multiple sclerosis is mediated primarily by CB 1 receptors [Pryce and Baker, 2007] . The antispastic effect of CB 2 receptor agonists described above was explained in this study by their lack of specificity with cross-linking activity for CB 1 receptors.
Furthermore, various experimental models have shown that the activation of cannabinoid receptors in the inflammatory demyelinative process characterizing MS may cause a neuroprotective effect through a CB 1 receptor-mediated inhibition of excitotoxicity and through a CB 2 receptor-mediated inhibition of neuroinflammation [Sánchez and García-Merino, 2012; Kubajewska and Constantinescu, 2010; Gowran et al. 2010] . In a study of patients with MS by Jean-Gilles and colleagues, increased endocannabinoid levels were found in the plasma of patients that was attributed to a neuroprotective regulatory mechanism of the endocannabinoid system [JeanGilles et al. 2009 ].
Cannabinoids as pharmaceutical products
In the medical use of cannabinoids, smoking and oral administration of hemp plant parts appear to be unsuitable due to the nonstandardized composition of the plant product. Beyond this, smoking cannabis products is a form of drug administration that poses a potential health risk: cannabinoids, and especially smoked inhaled cannabis, are strongly implicated in oncogenesis by several molecular pathways. A population-based, casecontrol study provided evidence of a relationship between smoking cannabis and lung cancer in young adults. For each joint-year of cannabis smoking the risk of lung cancer was estimated to increase by 8% [Aldington et al. 2008] .
A significant argument against therapeutic use is not least the fact that C. sativa is considered an illegal drug in most countries and the related potential lack of societal acceptance. The identification and isolated administration of therapeutically active components of C. sativa would, therefore, be desirable.
The C. sativa hemp plant contains more than 60 cannabinoids [Zajicek et al. 2003 ], which have various action profiles. In 1964, the cannabinoid THC was identified as the primary psychoactive substance of the hemp plant. In addition to producing psychotropic effects, THC is attributed to have analgesic, muscle relaxant, antiemetic, and appetite-stimulating effects [Novotna et al. 2011] . THC exerts its effects primarily by binding to CB 1 receptors [Kubajewska and Constantinescu, 2010] . Only the (-)-trans isomer of THC occurs naturally in the hemp plant. Synthetically produced dronabinol, administered orally, is approved in the USA under the brand name Marinol (Solvay Pharmaceuticals, Brussels, Belgium) for treatment of anorexia among patients with acquired immune deficiency syndrome and as an antiemetic for therapy-resistant nausea induced by chemotherapy. Nabilone, a derivative of THC, is also approved as an orally administered antiemetic under the brand name Cesamet (Valeant Pharmaceuticals International, Toronto, Canada). Rimonabant was the first selective CB 1 receptor blocker to be approved in Europe as an antiobesity drug for use in specific patient groups in conjunction with diet and exercise. Because of concerns over suicidality, depression, and other related side effects associated with use of the drug, rimonabant was suspended from the market.
There is also mounting evidence that the unwanted psychotropic effects of treatment with synthetic THC, such as intoxication, sedation, memory impairment, and dysphoria, are mitigated through the administration of plant extracts from C. sativa, which contain a number of other cannabinoids in addition to THC [Russo and Guy, 2006] . This modulation of the THC effect is attributed primarily to the phytocannabinoid CBD, which, on the one hand, inhibits the conversion of THC into its particularly psychoactive metabolites 11-hydroxy-THC, yet, on the other, works synergistically with THC ( Figure 1 ). Experimental evidence suggests that THC as well as CBD exhibit anti-inflammatory and immunomodulatory properties, pointing to additive or potentiating effects of the combination of the two [Jamontt et al. 2010] . Also, it is suspected that CBD delays the absorption of THC, and consequently peak serum concentrations that are associated with the occurrence of unwanted side effects are avoided. CBD is presumed to have antipsychotic, anxiolytic, and anticonvulsant effects. Combination preparations of THC and CBD have been developed taking into consideration the synergistic actions and the reduction of possible side effects. The orally administered plant extract Cannador (Weleda, Arlesheim, Switzerland), which was not sufficiently standardized and contains THC and CBD in a ratio of 2:1, was in use only as a study drug and is not approved. With the advent of the nabiximols in an oromucosal spray formulation a highly standardized approved combination preparation of THC and CBD became available for the treatment of spasticity in MS (Table 3) .
Pharmacokinetics and use of nabiximols
Nabiximols is a plant extract that is obtained basically from the dried female flowers of natural C. sativa subspecies, which each produce a high content of THC or CBD. These cannabinoids are extracted from cloned plants, which contain a significantly more uniform cannabinoid profile as well as a higher cannabinoid yield, specifically of THC, compared with those grown from seed. The hydrophobic THC and CBD phytocannabinoids dissolved in ethanol constitute about 70% of the ingredients in nabiximols, but also contain small quantities of other components of the plant extract, such as other cannabinoids and terpenoids. Each dose of the oromucosal spray contains 2.7 mg THC, 2.5 mg CBD, and 0.04 g ethanol [Novotna et al. 2011] .
Smoking cannabis products is associated with a very rapid onset, high peak, and short duration of plasma THC concentration, and thus favors the occurrence of side effects; however, absorption of cannabinoids through oral administration is subject to variability due to first pass effects. The oromucosal form of administration has the advantage that first pass effects are reduced and, compared with smoking, the maximum plasma concentration of cannabinoids is lower and increases more slowly, within 2-4 h [Karst et al. 2010 ]. Yet, the relatively rapid onset of the effect within approximately 15-40 min after administration facilitates treatment adjustment.
Currently the recommendation is to initiate therapy with a dose titration phase of approximately 2 weeks, during which the individually active and tolerable dose should be identified through gradual titration. Individual distribution of the dose over the course of a day is possible along with a dose adjustment in the course of the disease, depending on the severity of spasticity. One dose equals one spray, the maximum dose per day is limited to 12 sprays, and the time between sprays should not be shorter than 15 min. In the study by Novotna and colleagues, in which a maximum dose of 12 sprays a day of nabiximols was similarly recommended, the average daily dose was around 8 sprays [Novotna et al. 2011] .
Efficacy of cannabinoids in the therapy of spasticity in multiple sclerosis

Methodological limitations
Assessment of the efficacy of an antispastic therapy is complicated by the fact that spasticity is a symptom that is difficult to quantify. The most commonly used measure of spasticity is the modified Ashworth Scale, in which the degree of spasticity is rated on a scale of 0-4 based on passive movements of the extremities. In most of the published studies so far, even commonly approved antispastic drugs exhibited no significant reduction in the score on the Ashworth Scale, which questions at least whether the Ashworth Scale is appropriate as a measure of spasticity.
One of the few exceptions, for example, is the UK Tizanidine study, where a reduction in total Ashworth Score of 3.2 in addition to placebo was found [United Kingdom Tizanidine Trial Group, 1994] . Thus, few authors have now even rejected using this scale due to insufficient validity and reliability [Fleuren et al. 2010; Sunnerhagen 2010] .
Evaluation procedures based on the severity of spasticity as subjectively perceived by patients are also available, such as a visual analogue scale. The advantage of subjective scales is that 'severity' of spasticity does not necessarily correlate with the functional requirements of the individual patient. When the degree of spasticity in a patient with simultaneously occurring motor weakness is reduced, ambulation may become impossible for a patient who was just able to walk with the help of the existing spasticity. This might result in a different perception in an objective rater and a subjective patients scoring system.
Assessment of the therapeutic effect may be confounded by psychotropic or analgesic effects of cannabinoid therapy, which limits the validity of such subjective scoring procedures.
Overview of relevant clinical studies
In the 1980s and 1990s only isolated studies were published on the efficacy of cannabinoids in treating spasticity in MS. Due to the low case numbers and the heterogeneity of the examined cannabinoids, these studies carried only little weight (for an overview of previously published studies, see the work of Karst and colleagues and Correia de Sa and colleagues [Karst et al. 2010; Correia de Sa et al. 2011] ) (Table 4 ).
In the multicentre, randomized, placebo-controlled study on cannabinoids in multiple sclerosis (CAMS) published in 2003, a large population sample with 630 patients was examined for the first time over the course of more than 15 weeks [Zajicek et al. 2003 ]. The primary endpoint of the study was the change in spasticity based on the Ashworth Scale under the influence of orally administered cannabis extract (Cannador), orally applied synthetic THC (Marinol), or a placebo following a 4-week dose titration phase. In comparison to the placebo group, no significant improvement in spasticity was detected in the two active groups based on the Ashworth Scale. For the secondary endpoint, however, a significant improvement in the 10 m walking time was observed in the Marinol group. In the self evaluations conducted, the patients in the active groups were significantly more likely to report an improvement in spasticity, quality of sleep, and pain in comparison to those in the placebo groups. As a significant unblinding of both the study patients and the study physicians was identified as a result of the side effects of the cannabinoid therapy, the significance of these study results was only limited. In an extension study over a period of 12 months, in which 80% of the participants from the initial CAMS study participated, a significant, albeit only moderate improvement in spasticity with a reduced Ashworth Score and a subjective improvement of symptoms was identified in the two treatment groups.
Wade and colleagues published another openlabel extension study involving 137 patients diagnosed with MS, in which the efficacy and tolerability of an oromucosally administered THC-CBD 1:1 mixture (Sativex) was examined for utility in the treatment of spasticity and other symptoms over an average of 434 days (range 21-814 days) [Wade et al. 2006] . A visual analogue scale was used as a measure of spasticity. The effect of nabiximols to significantly reduce spasticity, confirmed in the initial 10-week, placebo-controlled study phase, proved to be stable even over a longer time period. Among the study participants who took the study drug for at least a year, and even after 74 weeks, a reduction of the scale value from 69.5 (baseline) to 31.6 on the 0-100 visual analogue scale was identified.
Building on the experience gained with the Ashworth Scale in the CAMS study, the randomized, placebo-controlled study published by Collin and colleagues on the efficacy of nabiximols in antispastic therapy in MS used, for the first time, the change in spasticity according to a numerical rating scale (NRS) of 0-10 as the primary endpoint, applied by the patients themselves [Collin et al. 2007] . Originally, the primary outcome measure was the Ashworth Scale but publication of the CAMS study provided confirmation of its lack of reliability and sensitivity to measure significant functional change in spasticity, in agreement with recent systematic reviews [Richards et al. 2002; Shakespeare et al. 2004] . During patient recruitment an application was made to the independent ethics committees to reorder the outcome data; NRS became the primary measure of efficacy. This amendment was finalized 2 months before the last patient was recruited for the study. Data lock and analysis occurred 4 months after implementation of the amendment with full ethical approval. In comparison to the placebo group, the active group showed a significant reduction in spasticity in the NRS score (decrease in NRS score by 1.18 points in the active group versus 0.63 points in the placebo group), while only a nonsignificant decrease in the active group was identified on the Ashworth Score. Approximately 40% of the study participants randomized to the active group were classified as responders experiencing at least a 30% reduction in the NRS score.
Novotna and colleagues devised a study design in which only the study participants who emerged as early therapy responders in a 4-week, single-blind treatment phase with nabiximols were randomized for the 12-week, placebo-controlled, double-blind study phase (Figure 2 ) [Novotna et al. 2011] . The participating patients with MS who showed an improvement in spasticity, with at least a 20% reduction in the NRS scores compared with the baseline value during screening under nabiximols at the end of the first 4-week treatment period, were defined as early responders. On the advice of the regulator an enriched design through the exclusion of nonresponders was implemented in order to demonstrate therapeutic efficacy of cannabinoid therapy. Of the 572 study participants, 272 proved to be early responders, of whom 241 were randomized for the second study phase. Even though the dose of nabiximols was limited to a maximum of 12 sprays per day in this study (in the study by Collin and colleagues the maximum dose was 48 sprays per day) a significant improvement in spasticity was seen on this drug with an average reduction of the NRS score from baseline by 3.01, from 6.91 to 3.9, in the early responders [Collin et al. 2007] . In the subsequent placebo-controlled study phase, therapeutic superiority of the active drug over placebo was identified. Also, the secondary endpoints, frequency of spasms and sleep disturbances, demonstrated superiority of nabiximols over placebo.
Assessment of the current studies
The potential role of cannabinoids in the treatment of spasticity in MS was highly controversial following publication of the first studies [Smith, 2007] . Their inconsistent results can be attributed to the heterogeneity of the study drugs used as well as to the various, sometimes unsuitable measurement parameters used to quantify the symptoms of spasticity. A meta-analysis of three studies on the therapeutic efficacy of nabiximols in the treatment of MS including a total of 666 participants found overall good efficacy of nabiximols as an antispastic therapeutic [Wade et al. 2010] . However, the phase III study published by Novotna and colleagues was the first to identify a clinically highly significant reduction in spasticity [Novotna et al. 2011] . The design applied in this study, with the exclusion of therapy nonresponders in the placebo-controlled study phase, facilitated demonstration of a therapeutic effect of nabiximols on spasticity. In view of the initial 4-week open-label phase with single-blind therapy of all study participants with nabiximols, a significant unmasking of the therapy responders randomized for the placebo-controlled phase cannot be ruled out as a result of side effects of nabiximols [Rog, 2010] . Reduction of spasticity perceived by the patients and reflected in the subjective analogue scales can likely be attributed, in part, to the known analgesic effect of nabiximols. Nevertheless, in a recently published 5-week placebo-controlled, parallel-group, randomized withdrawal study in patients with ongoing benefit from nabiximols, long-term symptomatic improvement of spasticity mediated by this drug could be confirmed [Notcutt et al. 2012] .
Adverse effects and contraindications
General tolerability and profile of side effects
Overall, reports in the literature have shown a good tolerability of pharmaceutically used cannabinoids. In a systematic analysis of the previously published studies on the drug safety of oromucosally or orally administered THC or CBD, there were no indications of a significantly increased frequency of serious adverse events under therapy with cannabinoids in comparison to the control groups. However, there was an increased incidence of nonserious adverse events, which in most instances were related to side effects on the central nervous system. The most frequently reported nonserious adverse event was dizziness [Wang et al. 2008] .
Similar results indicating good tolerability were obtained in safety studies of nabiximols. In a longterm study only 17 of the 137 patients discontinued the study due to adverse events under therapy with nabiximols, with a maximum 48 sprays per day for an average of 434 days [Wade et al. 2006] . In a 6-week, placebo-controlled study involving 189 randomized study participants and in which nabiximols was similarly administered at a Figure 2 . Disposition of patients in the phase II study by Novotna et al. [2011] . A total of 660 patients with multiple sclerosis were screened and 572 enrolled into a single-blind phase during which all patients received nabiximols; 538 patients completed 4 weeks of treatment. All responders (n = 241) were randomised into a second double-blind phase, during which 124 patients received nabiximols and 117 placebo.
maximum daily dose of 48 sprays, only 4.6% of the active group discontinued the study due to adverse events [Colin et al. 2007] . In this trial patients treated with nabiximols reported for the most part mild to moderate adverse events, primarily affecting the central nervous system. In an analysis of all placebo-controlled study data on the drug safety of nabiximols, an increased incidence of dizziness, drowsiness, disorientation, impaired concentration, and impaired balance was seen in comparison with the placebo group (Table 5) . A specific profile of the side effects of nabiximols was identified and attributed to the oromucosal form of administration: increased occurrence of dry mouth, paraesthesiae in the region of the oral mucous membranes, impaired taste, and discoloration of teeth.
Included among the commonly reported (in at least 5% of the patients diagnosed with MS) and usually mild to moderate adverse events experienced during treatment with nabiximols are feeling dazed, fatigue, nausea, urinary tract infections, drowsiness, dizziness, headache, and dryness of the mouth. In the long-term study by Wade and colleagues, with an observation period of up to 814 days, adverse events most frequently noted were pain in the region of the mouth (20.4%), dizziness (17%), diarrhea (17%), and nausea (15%) [Wade et al. 2006] . The incidence of serious adverse events was slightly increased during therapy with nabiximols (4.6% in the active group, 3.2% in the placebo group). Four incidents of severe psychiatric adverse events were observed, suicidal ideation in two cases and disorientation and paranoia in one case each. In this long-term study four epileptic seizures occurred during treatment with nabiximols, of which two were regarded as possibly related to therapy. In the CAMS extension study, there was one death in the Cannador group due to an epileptic seizure. With regard to cardiovascular side effects, isolated cases of syncope and cardiac arrhythmia were reported.
No meaningful data are available on the therapeutic range of nabiximols, dose dependency of adverse events, or the risk of overdose. A slow, individual dose titration and dose adjustment can prevent the occurrence of significant adverse events and dose reduction can resolve any side effects that occur.
Psychotropic side effects and possible contraindications
The psychotropic effects of cannabinoids known from recreational cannabis consumption, such as euphoria, tolerance development, withdrawal symptoms, induction of psychosis or depression, and impairments in cognitive function, are feared primarily with long-term therapy of spasticity using cannabinoids. These concerns are even more serious in patients with MS that are intrinsically vulnerable to the development of symptoms related to depression, cognitive impairment, and fatigue. Common cognitive deficits associated with MS are reduced information processing speed and impaired verbal memory. Among the cognitive disorders caused by cannabis consumption, in particular, is verbal learning impairment. In the context of the CAMS study, a substudy called CAMSPEC was conducted to specifically evaluate neuropsychological effects. This substudy found a significant increase in verbal learning impairment during cannabinoid therapy in comparison with placebo. However, other studies failed to identify any influence of cannabinoid therapy on cognitive function (reviewed by Papathanasopoulos et al. [2008] ). In a meta-analysis carried out by GW Pharmaceuticals of all scientific publications on nabiximols, the addictiveness and the risk of relevant psychoactive side effects of nabiximols were seen as minimal. For instance, the occurrence of euphoria and depression was observed in only 2.2% and 2.9% of the patients respectively [Robson, 2011] . No single case of defined cannabis withdrawal syndrome or tolerance development was verified. Yet, in an open-label study 46% of patients (11 of 25 patients) did report symptoms, including fatigue, emotional instability, and vivid dreams for an interval of 2 weeks following a scheduled, abrupt discontinuation of the study drug [Wade et al. 2006] . Overall, reports of psychoses (three cases) and hallucinations (11 cases) under therapy with nabiximols are relatively rare, and the symptoms remitted after discontinuation or dose reduction. Addiction and previous psychiatric illness are contraindications for treatment with nabiximols. The only exception is the presence of a depressive disorder associated with MS. The impact of nabiximols treatment on driving ability is unclear, and in case of doubt patients must be advised against driving a motor vehicle during therapy (Table 6 ).
Current therapeutic options for spasticity
Treatment of this symptom is difficult in MS as use of the drugs is always associated with diminution of the existing muscle strength. For mild to moderate spasticity, oral antispastic drugs, such as the GABA B agonist baclofen and the α-2 agonist tizanidine, are usually the first choice; second-choice drugs are tetrazepam, tolperisone, memantine, and dantrolene [Samkoff and Goodman, 2011] . For severe spasticity, intrathecal baclofen therapy is an option, once the maximum doses of oral antispastic drugs have become ineffective. In addition, the intrathecal administration of triamcinolon acetonid is often used successfully in reducing spasticity. Focal spasticity may be treated successfully by local botulinum toxin injection (also in combination with oral/ intrathecal baclofen therapy) [Snow et al. 1990] .
Nabiximols is, therefore, a supplement to existing therapeutic options.
Conclusions
The oromucosal administration of THC and CBD in a 1:1 ratio has proven to be a well tolerated therapeutic option for treating spasticity in patients with MS who respond poorly to conventional antispastic drugs. Assessment of the efficacy is limited by the fact that spasticity as a symptom is very difficult to measure reliably, objectively, and validly. Current study data support the position that the beneficial effects of nabiximols on subjective and objective endpoints in a selected patient sample outweigh the adverse pharmaceutical effects. The effects of long-term nabiximols treatment on neuropsychological processes and the structure of the endocannabinoid system need to be further characterized.
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